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INTRODUCTION 


The broad objective of this work is the determination 
of the effect of a semi-flexible welded connection acting 
in a single-span steel rigid frame.4 ifore apecifically, 
the objective of the study is a comparison of the action of 
an articulated frame under gravity loading with the action 
of a semi-~articulated frame under the same loading. The 
articulated frame is defined as a single-span steel frame, 
having rigid joints at the knees, pinned sennections at the 
base of eraeh column, and a pin connection at the crown. The 
semi~articulated frame ie exactly similar to the articulated 
frame, with the modification that the pinned connection at 
the crown in the latter is replaced by a semi-flexible welded 
strap connection in the former. 

The need for an investigation of the action of the seni- 
Liexible welded tyre of connection hae arisen in conjunction 
with theoretical work now being done on articulated wedge- 
beam framing by Mr. Arsham Amirikian, head designing engineer 
with The Bureau of Yards and Doeks, U. 8. Navy. Mr. Amirikian 
has exhaustively covered the thecretical aspects of thie new 
type of framing and wili soon publish the somplete theory, in- 
Gluding analytical formulse and tables for use in the conetruc- 


tion industry. 
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1. The particular frame involved in thie study #111 differ 
from the conventional coneerts beecrnuse of the use of redge- 
beam members, as will be explained later. 
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A vrief outline of the basic principles involved in 
wedge-beam framing may be found in » preliminary article. 
Conventional design methods do not fully utilise the materials 
in flerursi members, in that they reguire tha choice of an 
entire member based on some maximum stres2 occurring at only 
one point in the member. edge-bdeam framing involves the 
use of tapered beams (See Fig. 2) which are designed te furnish 
& varying section modulus to conform roughly to certain moment 
diagrams, thus avoiding iarge rortions of understreresd 
materials. 

The sonecept of an articulated frame nompo sed of wedge- 
beam members 49 based on the action of a simple cantilever 
besm in flexure. The simple cantilever beam in flexure ex~- 
hibite a unique charaeteristic which distinguishes it from 
any other member in flerure, i.e., 4t has a econgistent pattern 
of bending since the moment diagram inevitably varies from a 
minimum at the free end to a marinus at the fixed and, no 
matter xehat system of lateral loading is applied. This postu- 
late is illustrated in Fig. 1. Seferring to Fig. 2, it is 
geen that the introduction of a pin at the center of the hori- 
zntsl wember of a frame causes simple cantilever aetion in 
the two girder menbers thus formed, the pinned ende being 
anglogous to free ends. Merecver, if these girder members are 
wedge-beams, the taper of each girder may be made to furnish 
& section wogulus which varies along the length of the girder 


in close agcord with the seetion modulue required by flexure. 
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1. Awirikxien, A. “Future Developments in Selded Steel Buildings". 
The Welded Journal, XVII (Aug. 1948) 692.599, 
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This explanation of the underlying principles of wedge- 
beam framing is admittedly orief and is presented in the nature 
of a background to the main topic, since thie work does not 
econeern itself primarily with the wedze-beam theory. Also, 
any discussion of the erxrrected cavings in cost and weight 
resulting from the anplication of this theory is sonsidered 


outside the seape of this atudy. These advantages of wedge~ 


beam framing are treated at length in Br. Amirikxian’s work. 
However, 1t ean be readily be seen that the ecenomic advantages 
of wedge-beam framing are nullified te some extent by the 
necessity of providing a true hinged connection at the crown 

of the frame, since this type of ennnection is relatively 
expensive. If an inexpensive welded strap eould be subetituted 
for the crown hinge, without materially changing the e¢lartic 
action of the frame under loading, then the eronosic drawback 
aceotlated with the crown hinged cannection enuld de avoided, 
and at the same time the complete theoretical derivations made 
by wr. Amirikian for the ease of the true hinged connection 
would hold valid. Herein lies the practiesnl justification 

for the pursuit of the study of the effect of a semi-flexible 


welded connection, 
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Til. GENERAL DISCUSSION 


Sel. Method of Attack. The method of estructural model 
analysis lends itself readily to an investigation of the effeet 
of a semi-flexible connection. Model analysis may be defined 
briefly as an attempt to simulate field conditions in a labora- 
tory by the use of o laboratory structure emaller than the 
field structure but neverthelese representative of it. It is 
of course neeessary to interrret the behavior of the laboratory 
strusture, hereinafter ¢alled the model, in order to determine 
the probable behavior of the fieid structure, hereinafter 
ealisd the prototype. 

The use of model annlysis ta eurrentiy in favor in the 
structural engineering field, but 1% has not alwaye been so. 

The basic principles of medel analysis, generally known as 

the laws of similitude between tea systems, have been established 
for a relintively long vertod of time,4 but their application 

to structural analysis hae been painfully slow. <A precise 
technique and gm good understanding of the lawe of einilitude 

as they apply to the interpratation of model behavicr have only 
bean attained in the last twenty-five years. Greater faith in 
moiGl analysis has led te the erypenditure of large sume of money 
for wéll~squipped medel laboratories by both governmental and 
yrivate agencies. These lnborateries, and the iszportant results 
cbtsined therein, have ecaugeda the general acceptance of the 
method of aodel analysis. 


1. Newton. Prineipla, Book II. (1687). 





ingineering literature generally gives three possible 
reasons for the use of model analysis: 

(1) Mathematical analysis of the problem concerned is 

virtually impossible, 

(2) Mathematical analysis 1s possible but it is complex 

and tedious to a degree that justifies a short cut 
by model analysis. 

(2) The impertance of the yproblew is such that verifics 

tion of the mathematical solution by modél testing 
is warranted, 

The investigation of the effect of a semi-flerible con- 
nection in wedge-besm framing fits under reason (1) above 
becausé of the inherent indeterminateness of the particular 
welded strap connection involved in this probiem. However, 
there ie an sdditionsal reason for the use of model analysis 
in this etudy. Vesigners in the field will be most hesitant 
to accent any theory 41ffering from conventional framing metheds 
as does wedge-beam framing unless vary thorough exneriwentation 
backs up that theory. Comprehensive erneriments and teste 
will be reguired to give validity and emmharis to the theoreati- 
cei cerivations of wedye-beam framing. It is hoped by the 
authors that this work will prove te be one part of the needed 


experimentation, 


in the applieaticn of model analyeis to this investigation, 
a prototype wedge-beam structure was first designed. Although 


the advantages of tho new framing are more marked in multinle- 
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bay frames of one or more stories (and in fact the original 
intent of Hr. Amirikian was that the application would be ta 
multiple-bay framing) 1t was felt that a single-bay frame 
would be sufficient for all purposes of this investigetion. 
This frame was designed in accordance with modera methods. 

The next main step in attacking the problem was the 
ecsputation cf theoretical defleetions and defleetion angles 
in the prototype acting es an artieulated frame. “These 
quantities were first eanleulated by an employment of the well 
known method of vitual work, and were subsequently check ed 
oy rormulse furnished by Mr. Amirikian which were extensions 
of the siope-defleetion prineiple. 

ext it was necessary to design and conetruct 6 model 
or modele, There were two alternatives: 1) One model could 
be built with an interchangeable type of connection at the 
crown, i.e., & true hinged connection or a welded semi-flerxvible 
sonnection esuld be substituted dne for the other at the erown, 
and experiments eould de run with each tyre of connection 
acting, or (2) two identical models could be built, one with 
a hinged connection per@anently attached at the crown and the 
other with a seni-flexible sonnection at the ease location. 
The first alternative was not used because of the uncertainties 
of walding and reewelding the respeetive eonneetions at the 
Grown of the frame. The suthors believed that the comparatively 
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a. Griffiths, John . Single Span Rigid Frames in Steel. 
(Hew York: Get, 1948) 
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larger amount of welding required in the neighborhood of 
the crown by the first alternative would cause leesi distor- 
tions and would destroy the viteal elastic similarity of the 
frame itself for each test. Therefore tro models wera designed 
and construsted. 

Finally, the instrumentation for measuring deflections 
was designed, the actual experimentation vas conducted, and 
the data from this experimentation was interpreted with regard 
to ite bearing on the problem being Investigated. 

A summary of the prosedure of this study ie given in the 
allowing outline: 


i. Design of typiesl prototype frame by methed currestly 
used in the industry. 


2. Computation of deflections and deflection angles in 
prototype by theoretical analysis. 


2, smployment of laws of similitude to deduae proportions 
of model from those of prototype. 


4. freliminary testing of steel used in aodele, and 
teeting of methods of constructing model. 


5, Desien of model etruecture and its supporting framerork. 
6. Construction of model components and erection of model. 


7. Vesizgn and construction of instrumentation for 
mensuring cefleection quantities. 


&. Placement and adjustment of model in testing position. 


9. Application of load conditione and measurement of 
resulting deflections. 


10. Translating and sunmaricing the observed data. 








3-2. Design Bata and Aseumptions, The dimensions chosen 
for the prototype wedge-beam frame were a 40 ft. span and a 
12 ft. height. The epan length wae measured from center line 
of column to center line of column, and the height was measured 
from the pin at the vase of the column to the center line of 
the girder. See Fig. 2. The distance from the center line of 
one ¢olumn to the crown hinge was a helfespan length, or 20 ft. 

A uniform load of 1000 ppt or 1 kept was assumed to act 
along the upper flange of the girder rember. Yor the purpores 
of this study 2t was permissible to consider this load as the 
total ioad acting on the frame, including dead load and live 
load. The dead load would consist of the weight of the frame 
iteslf plus the weight of roof decking. This loading system 
corresconds to a rect loading of SO pef total whieh a spacing 
between frames of 20 ft. 

The design of the wedge~beam frame was a cut~and-try process. 
in conventional design the only variable is the size of the 
rolled section; that is, a seetion must be chosen which furnishes 
sufficient section modulus and area to meat the requirements 
of the leading system without cverstressing the steel. In 
wedge-beam design, there may be two variables, since one wethod 
by which o wedge-beam may be constructed is by splitting a 
rolled wide-flange section along its web and rewelding together 
the two segments thue formed, as illustrated in Fiz. 2. The 
two variables are the size of the rolied section from which the 


weige-beam is to be made (the “parent® section) and the taper 
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er glope of the cut. It 1s readily seen that a sharper eut 
willl give a deeper cross-seetion at the haunehed end ef the 
beam, thug providing a greater section modulus at this point, 
and a more cshallew eross section at the small end. In thie 
design, & 431 enut was used as a basis, the 43:1 cut meaning 
that the resulting haunehed end of the wedge-beam would be 
four times ae deep as the small end. After preliminary 
tCaisulations, a L6"F40 rolled section was decided upon, and 
thie section was «ut at the 15 inch and @ ineh points, as 
shown in Fig. &, resulting in the girder and column memvers 
ehown in the eames Ligure. 

iach girder member would be joined te a coluan sexber to 
fora one-half of a synometriesl three-hinged, or articulated 
frame. The two half frames would then be joined by a hinged 
connection at the crown. The resulting struature is statically 
Getorginate, and whea loaded as previously explained gives a 
horizontal thrust of 16.67 kips and a vertiesal reaction of 20 
kins at ea@h base pin. The momant diagram is shown in Fig. 2, 
and the thrust and reaction computations are shown in Part iy,} 

This structure wag then analysed to see if the maxiaum 
steel siresses were approximately equal te the design Limite. 
&n analysis was made of the combined stresses of direct and 
flexural loading at the eritiaal knee seetions B' and Dd", 


Pig. 4.2 The results of the analysts (See Part IV) showed 


1. The analytical work deseribed throughout this seetion will be 
found in detail in Part IV, — ations and Experimental Data 


2, Griffiths. Single Span Rigid Frames In Steel. 
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that both the girder and column were underdesigned. A 
three or four per cent underdesign would generally be permitted 
in the field,+ but in saetual design work the column, overstressed 
by nine per cent, would be redesigned. However, in wedge-beam 
framing @ mere sharpening of the cut would provide the required 
properties without any change of “parent member*®. The nine 
per cent underdesign was permitted to stand without change, 
gines the protetypse was not to be bu2zit and it was anticipated 
that & sharpening of the clone of the wedige-benm would inerease 
the diffieulty of model construction. The email ends cf the 
column wedge senbers in the model would have been of prohibitively 
smali dimensions had the elepe of the column wedge mewbars been 
incrensed. 

in order te simplify reasonably the design of the models, 
the following assumptions were made regarding the loading of 
the prototype: (1) Only static loade act. Wind and other 
forees cf dynawie origin were not eonelidered. The static 
forses considered were two, namely, gravity and elasticity. 
(2) There was no aegelerated movement of any model components; 


hence inertial forees were not considered. 
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1, The justifiesation for this statement may be found itn the 
example design computations in Griffith, Single Span Rigid 
frames in Stee). 
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3-3. Gowputation of Reflection and Deflection Angies. 
As previously mentioned, the linear deflection at the 
erown hinge and the angular deflections at the base pins 
and the crown hinge were computed theoretically. The first 
method used in these eomputations (virtual work) is of very 
general application and need not be derived. The reeulte 
were checked by the use of formulae propered by Mr. Amirikian; 
the numeriesl discrepancy between the two methods was #0 small 
as to Ge negligible in the cease cf the angular rotation at 
the base pines, and amounted to only about 9.4% in the ease 
of the angular rotation at the crown hinge. The small 
disereraney in the latter ease was entirely of arithmetical 
origin. Aetually the computations in the two methods are in 
ersence the sume; this fact in itself argues the validity of 
beth methods, since they were arrived at by dissimilar deriva- 


tions. The derivation of the Amirikian formulise follows. 
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The expressions for OBC and OcB are identical to the above 


except for integration limits. 
For application of these formulae see Table IV, Part IV. 
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dm4. Semin Plowible Belged Gopnestinn. As previously 
stated, the second model wae exactly similiar te the first 
areent that a welded steel etrar connection wae rubetituted 
for the true hinged ecnneeticon at the erewn. This semi-flerible 
eonnection Yor the protetyne was designed as two plate steel 
tivrars, one ta be fillet-welded to the front side of the two 
adjoining webe and the other to the back eide. fee Fig. &. 
These straps were deliberately ande small enough eo that they 
would be streseed beyond the elastia limit into the pisetic 
range. The reetangular fibre etress distribution shown in 
Jig. & ware aasumed; this distribution is a Limit enndition 
and is not setually renched at ang time under leading. 26 kai 
wag used ata conservative vaiue for the yleld neint of wild 
structural steel, and bence as the velue of the fibre stress 
ordinates in the stress @istribution disgram of Fig. 8. 

The design eriteria for the welded etrape were (1) the 
vartical shear at thea crown eaused by unsymeetriesa) uniforn 
loading of half the span of the frame, and (2) the esepression 
in each stran eeuged by the horivontal thrust to be tranemitted. 
Computations for each eriteria are ehown in Part IV. it was 
found that the eempreession ruled the design; each stran was 
treated as a strut, ite &/R ratio ves enmputed end the allowable 
eompreseive unit strese determined. Two strans, 2" x ¢* in 
cross section, were found te be suffielent. The unsupported 


length or gap batween adjoining girders wae taken ag @", which 
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is sufficient to prevent any interference between the two 
firders «hen they deflect under londing. The total length 
of tne straps waa not designed; this length wuet be lang enough 
to ulliow sufficient fillet welding to handie the horicontal 
thrust, 

The sioment resietance of this particular etrapped 
connection, as computed in fart IV, wae 1.296 rt~*ips. 

# good approach to an understanding of the properties of 
& weided connweetion acting In a wedge-beam frawe way be gained 
by initinily considering two eytreme cases of such @ sonnection. 
Une limiting case le diluetrated in Table ¥; this cage involves 
no otrar whateoever, the abutting ends of the ¢sirder members 
werely being welded together throughout thetr depth. This 
connesticn ie a rigid one and sakee the frame etatiealiy indeter~ 
tinate to the firet degree. The horizontal thrust was considered 
46 the relundant reaction and whe seived for by the general 
method of imuieterminates, Virtual work was used for the corn 
putation cY the neceesary deflectione. It was found treat the 
moment auetained at the erown by thie eonnection wae 36.2 ft-king, 
and the soment at the Knee was 162.1 f£t-kins. 

she otber Liniting eave has previously bean dimeus¢ed and is 
illustrated by the use of a true hinged eennection, or pin, at 
the crown. This scounection ean take no moment and rerulte in 
& loaded frame sith sero moment at the crown and 209 ft-k4ire at 
the «nee, It ig seen that the niaetic welded strap designed in 


this section le intermettate in nature between these two extremes 
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but that it is apparently much closer to the case of tha pinned 
connection. As eryplained in the introduction, the purpose of 
thie thesis is to determine whether the elastic saction of the 
frame when connected with a atrap which defores plastically 
is substantially the same as its action when connected at the 
crown with a pin. If this is so, then the thesretical deriva- 
tions for true hinged wedge-beam framing will hold valid in the 
ease of the relatively inexpensive welded strap connection and 
the field of applieation of wedge-beam framing will be enlarged. 
There is an additional asnect of a welded strap eonnection 
whieh is worthy of serious study, although it sannot be covered 
in this work, An examination sf the ten extreme cases heretofore 
deseribed will demonstrate that the sum of the moments existing 
under lord at the crown and at the knees is in any ease 200 fte 
kips. That is, the welded strap +111 tate whatever moment 1% 
ean until it yields and the remainder of the 200 ?tekip momant 
will be thrown back to the knee of the frame. It is seen that 
the welded strap can. be over~designed to varying degrees so that 
it takes any portion of the 200 ftekinps up to the limit of 36.9 
ft-kips, although any appreciable overdesign e111, of course, 
destrey the validity of the Amirikian theoretical work for 
wetge-beam framing. However, as long as such deliberate over- 
design does not exeeed the moment resisting properties of the 
em@ll ends of the girder members immediately adjacent to the 


y ore, the overdexign eculd be utilized by a proper extension 
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ef theory to effect even further economies in eteel Lframine. 
The girver and eclump members of a frame are designed by a 
computation of stresses at critical sections of the knew (See 
Fig. 4) and it is in thie exnme region that the stresses are 
reduced by an appropriate overdesign of the welded strap. To 
recapitulate, the evperimentation in thie work was carried out 
to datermine whether the gsirng actuaily bende ints the plagtis 
rauge eubetantially ws is shown theoretierily in Fig. 68. The 
stray acting in this fashion would desonstrate only the suid 
moment reeistanee of 1.276 ft-kips (ecmouted in fart IV) and 
protabiy would not materially slter the statis action of the 


frame fron its action when a true hinge is acting at the crorn. 
: & 


ve6, Coustruction of the Mosel: The sume of Bimklituge. 
fymbole used in thie eeetion are defined as follows: 


linear dimension 

aren oF ercee-seetion 

mosent of inertia 

moment of a force 

vodulue of elastietty 

weight or cravitaticnal force 
force in seneral 

veight per unit volume 

linger reale redvetion fucter 
unit etrain 


ese yumm OA} 


These sytbols when ounpedified refer to the prototype; the 
eubserint *1" andieates a funetion of the model. 

& linear senile reduction Ynetar in firet asewsed and other 
reiucionshins of wodel to pratetyre are anthematicnlliy deaducad 
from this acter, The two fuudamentsal srincirlas upon which 


this deduction is dDasned are that tha model and prototype muat 





1? 


be geometricaligy and mechnniecally gimtlar.+ In order to achieve 
geometric gimilarity, howclogoue linear dimenetons ef the sodel 
cust Se proportional to those of the zrotetype. In orter ta 
achieves sechaniesl similarity, homoloegour forces murt have a 
fisei ratio to eaen ather. 
There are two forens acting on the frane:® 
(i) The external forees due to gravity's action on the 
loading, expressed oy 
Fos Wf (1) 
(2) The internal elastic foreer in the frame mecbers, 
@tprerssed Sy 
v= Ake (2) 
Then, beeause of sechanicsal gisilitude 


¥ = Ake a (=) 


Fy Aye, Wy 


Sut geometric similitude reguires that unit etraing in the 
two eystems be equal; henee 
= As (a) 
ss ad tae | 
& linear reduction of n would of aouree reeult in 6 reduction 
of area of mross~section by n°; however, with srecial reference 
to & atructural frame, it ie not neceessry to limit the aren 


reduction te thie value, althcueh it ie desirable to keep the 


OD RD OR OM EE OD GD AD OR ee OD OP WE TR VR OED He OE Oy Se NH OR OF HO oS eee OR TUN me OR OO Fh OS &E AS FR Hb HO UR HY OR OD HD Ww OE Hay HE Ore ee ee FE IE tHe oe OR OH Be ee ee OD oe Oe 









i. Beggs. Davis and Tavis. Teeta Gu Strire ty z Rodel Gk » 03% 
van #ranelean~Uakiand rs oridece, ferkeley, Calis, 1822 

2. POSES. “avig and Bavie. Tests oF fes es on eiructural Yodel: ef & roroged 
wan Zruneheco-Cnkinnd Susmenston ridge. pp. 67-71. 
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reduction as some function of n®, It has been found advan 
tageous to determine the area reduction in conjunction with 


the force reduction, the latter being assuced as 


= n2 (6) 
ir n 


Substituting in equation (4) to obtain ths ares reduction 


factor 


ene x & (8) 
i ne x 4 


A moment cf a forea way be expressed in terms of a foree 
tises a linear dizenrion 


B= FL. = n@ x n= n® (7) 
My Py dy 


A comparison of tro eimilar weambers ehould contain the 
terms for moment of inertia and modulus of elasticity, since 
the stiffnees of a flevyural mexber is dependent upen both of 
these terus. The elastic curve of a beam is 


Re Bix yor I~ mp (8) 


where A is the radius of curvature of the beam. EK is a linear 
dimension and the ratio of He may be expressed in terma of the 


Linear reduction factor n. 


+= HA 7 axa x ent x (9) 
i a") 


weight way be erpreseed in the force aquation 


Woe wAL (10) 
Then 

R © wAL = nf (22) 

Wp wy A) Ay 
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Substituting for &. and ‘- 
Al 


nee * oer oF (12) 
or e* 5 xh (13) 
i 


The last formula giving the deneity relationehip is 
redundant in a senses because if the load and area reduction 
factors are Yollowed rigorously the density reduction is auto- 
watieaiiy obteineé in the model destgn. The derivations of the 
Jawe of siwlijitude given above are relatively eimple, and the 
deduced iaws apply only to statie modelisa, 

Strietly, 2121 of the above laws ehould be used when a 
wodel structure is proportioned from a protetype design. However, 
in thie work 1% wae virtually imroseible to proportien a model 
uging both the reduction laws for moment of inertia and for 
area. Since the model was to be tested in flexure, the former 
term whe manifestiy more important and the moment of inertia 
wae reduced axnetls secording to equation (9) above. Thus 
equation (6) avove (and hence equation (18) also) were the only 
Lawes of alviltude not fnllowed atrietiy in the sedel design. 

& motel deaigneé in adhersuee to these laws of eimilitude 
should show when loaded sugular deflections and unit linear 
defiestions equal to these of the loaded prototype. 
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t~6. Ghotee of Material for Boel Gonatruetion. 
Yuraiusin, orass, celluioid, and eteel have all been used in 
med@is cimdiar ta the one designed in thie work. GSinee this 
thesis was soneerned with the study of a welded cemi-flexibie 
connestion, the celeetion of ateel as a model saterial was 
aimogt mandatory. Yoo many uncertainties weuld hava been 
intro@uced by atteanting to weld materiale other than steel, 
since the prototype frame wae steal eonrtruation., Once this 
choice wes nade, the seleetion of the direct method of model 
analysis (whereby the model ie loaded in « sanner siellar to 
the prototype loading) follewed naturally, sinee the indirect 
mathod (in whieh the model loading bears no aireet relation 
to the prototype loading) generally involves the use of ugteriels 
of the relative etiffnese of celiuleid, 

du?,. eipeer Refuetion Fastor. it war anticipated that a 
relatively large model would be neseseary to previde eurffielent 
@pace in the region of the eroewn fer the welding of the semi-~ 
fierible ¢trap. In fuet, a straight linear reduction of the 
e@ided etrap previously designed for the prototype by any reagote~ 
&bl@ linesr reduetion factor would renult in a sodel strap too 
Stall to be fabricated in the suedel. It wae desired to obtain 
& fivar connection in the mrdel of moment resistance proportional 
to the moment regigtanee of the prototype stras euuneetion. in 
order to obtain thie nroportional relationehip it was dectded to 


build the largest model convenient for eonstruction and experi-~- 
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mentation. The figure of n = @ wag finally chosen, resulting 

to a sedei of 40/6 or 6 feet in epan and 12/8 or 1# feet in 
height. The emallent welded strap that could be fabrieatad, 

even using a model of thie sise, mt1li offered a roment 
resistance proportionally greater than the prototype strap, 
although the preportional relationehip was substantially attained. 

& larger nodel aleo reduces the effeet of secondary stresses 
and the @effect of eunil inaceursecies in construction. 

The results obtained from model analysis descend uron the 
ecale of the model. A deflection mensurewent observed from a 
anail model wowld not be exactly equal to the corresponding 
sefieetion sea aurenent observed from a large wefel. Thies 
phencsenon is known as geale effegt. It 12 one of the uncerteine 
tiles of mod@i anglysie and ig a subject werthy of investigation 
each time such an analysts de attempted. An iavestigation of 
feuie affect war concidersed cuteide the seepe of thie thesis; 
however, the sonetruction of a emaller model than the one dea- 
eribed atove {n = 20) was contemplated bet not consummated. 

The desis: of this smaller sodel is ineluded in (fab. TITI} 
for reference. Tha table gives the depthe of the aodel numbers 
at the centers of the various sagewents, This eealler aodel 


Wh2 vivo Geoigned of seteel, 





m8. Cross Seetion of Motel Members. Im model analysis 
where direct loading ie used, lateral duekling (deformation 
An directions at right angler to the action of gravity forcee) 
ie generally a problem. <mter stability in model mowbere was 
achieved in thie rork by simulating a rolled wide»llange seetion. 
Thig type of seetion ecomnidented tha construction of the models, 
Sinee it was necessary to weld thin plate etesl th simuiate it. 
However, the extra stability and eisilitude ebtalned wae son 
sidered worth the coupiieation. 

The gnaller model (n = 20), whieu wae proportioned but not 
gonstructed, was designed for a reetungular ¢erses eeetion, sines 
ite smaller span limited the amount of buckling expected, 

The governing Yaator in the design of the erogs section of 
the wodeél wenbere was the proportional reduetian of the moment 
of inertia from the cross eection of the prototype. This 
reduetion was by the fourth power of the linear reduction factor 
mn, as derived in the sravious section snd cregented in Table Vi 
Zor the larger sodele. It wae necessary to orcportion the 
medelg eo that they would cresent sm moment of inertia equal to 
Img. Table VI, at the eenter of the proper segment ae shewn in 
the same table . (Ip was obtained from Pig. &.) Thies wae done 
by césigning the end sewbers of 11 gauge plate steel and of 
dimensions reduced exuctly by eight from the enrresronding wab 
Gizenesione of the prototype (See Table VII). The womant of 


inertia furnished by each web alon@ i¢ represented as Lop. 





Gol. (6), Table Yil; the remainder of the total I required 

in the model (Ig) was furnished by the flange sections, which 
were of 16 gauge steel welded to the web sectione. in order 
to furnieh exactly the proper increment of moment of inertia 
to bring the total I up to Ig, it was necessary to taper the 
width of the flanges fron ea minimum of 0.160 in. in the regicn 
of the knee on approximately a etraight line veriation to @ 
maximum of 0.677 in. at the ping.) This particular method of 
@esigning the model alee made it possible to compensate for 
deviatione in actual thickness of the steel pilates from their 
catalogue thicknesses by varying the flange sreae secortingly. 
The larger motels, as designed, presented a moment of inertia 
&t ell seations exactly equal to 1/p4 times that of the proto- 
type. aitnough &t wae doubtful if construction procedures 
mintained thie accuracy, even though all preeautions within 
the iimits of time and money evaliable were taken in oullding 
the models. 

Since the emaller models (n = 20) were of rectangular 
eroes section, it wag only necessary to compute the reduced 
moment of inerti« at each of the various eegrente and from 
this ¢aiculate direstiy the depth of the cross section at the 
centers of the various segnents. An adiitional arbitrary 


factor @ was applied to both the laws of simtlitude for weight 
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1, itt should be mentioned at this point that, although thie thesis 
deals only in wedge-beame of tapered depth and constant flange 
wicth do the prototype, Kr. Amirikian has extended hie theo- 
retical wedge-beam derivations to inelnde the ensa of wedge- 
beats *ith tapered depth and tarered flanges. 





loading and for moment ef tnertia, age shown in Table VIII. 
This factor m hae sometimes bean called a “ellce factor"; 
ites ute is a aatter of convenience and deere not invalidate 
the laws of siailitude. As previously mentioned, these 
enuller mcdele were not actually construeted, although they 


may be built at come later date in an extension of this wark, 


d-9, Bonptins of Kode]. To simpligy the lateral 
bracing of the sedele, it was elected to mount the acdel hori- 
Zontally. (S3ee photograghs.) A plywood eheet, 8' long by 4' 
wide by 2/49 thick, was seevred atop tec tables which had been 
placed side by side. A 2 4 was attached at ench edge of the 
piywood to ¢tendy i% on the tables and to vrerent ite over- 
turning under the applied lesd. It wae believed that the 
coitm base pin resections of approximately 200 1b. and the 
thruate of approximately 260 ib. would be exeersive for the 
8/4° olyweod to resieat in bearing. HKenea a &° steel base piste, 
six inches equare, was provided to take the bearing from each 
column pin. Hach of these two steel plates transmitted the 
renctious ani thrugste to the plyrecd through eight wood serews. 
the base cing were anchored in each base plate by the use of 
Segil unogle sestions welded atop the rlates and drilled te 
receive the g° steel rods shich served as the bare pine. 

io pravent friekional effeets between the model sertions 
and the plywood, one-half ineh ball besrings were placed at 
fevVerui points under the webs of the model gembere. These ball 


bear’n,. rolled on thin glass sheets placed on top of the plywood. 
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For lateral support, weights were placed ae needed on top 
of the sodel members directly over the tall bearings. 


Bio. Welded Strap for Mode). It wae stated previcously 
that the welded strap eonneetion for the model could not be 
reduced in any fashion from the design of the welded strap for 
the prototype, ginee such raduction would result in a strap 
tao email to be fabricated in the model conetruection. 4 clear= 
ance or gap of 4" between adjacent girder mewbers at the erawa 
was decided upon; this value wag well in exeess of the ecimputed 
minimus distances for avoiding any interference between the two 
members when the deflect under leading. Three trial straps 
were computed (See Part IY) and the moment resistance of each 
of these determined by the stress distribution theory illustrated 
in Pig. 8. Aaeording to the laws of sim@litude, the soment 
resistance of this strap should be l/n® times that of the proto~ 
tyre. The first two trial straps, of thiekness 1/68", offered 
@ regiatance considerably in exeene of thie waives the third 
trial etrap, of thicknese 1/16", offered a resistanea of about 
twice this value, Al) somputations were based on a pair of 
identical ¢trags, one welded in front of and the other behing the 
woh. It eas firmlly decided to use but one etrap in front of 
the web. Although this esused a slight easentric loading of 
the one gtrap, it vag believed that the advantage gained by | 


having a welded eonnection yielding a moment reeistanee properly 
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proportional to the protetype resistance outweighed the di 
advantage of eccentria leading. Therefore the strap connection 
uced congieted of one small metal plate, 1/16" thick, ¢" deep, 
and approximately 22° in length, welded aeross the webs of the 


adjacent irderg at the crown, 


Meli. Loading of Model. In accordanes with the laws of 
similtude, the total load on the model was redueed by the 
factor n® from the total load on the prototype. Ginee linear 
span was reduced by n, the resulting reduetion in linear load 


was 88/n or n. Thin gave for the model a total load of ats 


or 626 i5. and 2 linesr losé of 1 or is6 1b. per foot of 
epan, Such a loading appeare excessive; yet the selection 

of a larger acdel, for reasons heretofere given; necessitated 

#® loading of this magnitude. The arbitray factor 2, menticned 
in Section 2-8, eovld hawe been applied to leseen the loading 
On the wodel, Sut 1% also would have been neceessry to appiy 

4% to the reduction of the soment ef inertia for the model, 
resulting in a lesser soment of tnertia of srospm section at 

@ach segzent of the model. The amellest moment of inertia in 
the wcodel (ut the small ends of the wedge beams) was 0.01279 4n.4 
without the use of the factor m, and any leesening of this value 
would have resuited in a prohibitively aeall croes section at 
the s@all ends of the bease. Therefore it was judged tmpracsti- 
osbie to lessen the reguired loading by use of the arbitrary 


factor m. 
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Sines 1t was not Zensihle to simulated unifora loading 
on the model, it was decided te apply ten concentrated loads 
at intervals of six inches symmetrically placed skout the 
mid-point sf the frame. Hach concentrated load, therefore, 
was S26/,5 or 62.5 1b. 

It wean necergary to apply the loading in small inerenents 
in order to obtain data for plotting lead va. defledtion curves. 
The londing problem thus presented wae to obtain a caterial of 
total weight 626 1b. which could de applies in emalil fnerements, 
amd of suffielent density so that erecersive volume was net re 
anv. The first loading eongidered was large calibrating 
weights, but these rere unobtainable in sufficient quantity. 
Sater snd sand were dleenrded becaure of the large voluses re~ 
quired in the lirited epace available, Wereury wee sonelidered 
but rejected because of the prohibitive cest, although it would 
have been an ideal loeding agent. Finally s evuffietent quantity 
of stenl tunehinge were ebtained, weighing approximately one 
bal 16. each, 

it was dacided to apply the loading to the frame by bracing 
2/32" oraided steel eable in loops around the gitéder geetions 
at the ten lomding points. Esch loop was prevented from wandering 
from the loading point by emall] shallow steel channels welded 
at the lowding point and through which thea cable was threaded. 
The lengths of steel cable rere led over pulleys mounted at the 
edge of the plywood and thenee to steel buckets which acted as 


gontuiners for the steel punchings. It isa esen that the load 


was applied to the top fiange, simulating the loading of the 
prototype. : 

the pulleys were 2" outside diameter fibre ball besring 
pulleys of the alveraft eontrol type, and were assumed friction» 
lese. ‘The buekets were made of 11 gauge steel rolled toe a 
Yiveeinch diameter and tack weided; their battome were 11 gauge 
plate, and heavy wire handles were attached. A senle wae used 


to welgh out desired amounts of eteel punchings. 


Hel2. Copestruetion of Zewbere. It eas First attemted 
te attnch the 16 gauge flange pilates to the 11 gauge webs ay 
intersittent fillet welds on the inside of the flanges. A 
trisi section wae thug welded; the reruit, in spite of skip 
welding and other precautions, was a isgterel distertion of the 
ved piate. 

it wag next atteapted tc attach the flange plates to the 
web plates by drilling 5/g4* bolee in the flange plates at 
Fegular spacing and plug welding through these holes to the 
eige cf the web. The welds did not penetrate on the trial 
sections and the joining was unsueceseful. This asthod was 
modified by countersinking the holes in an attempt to secure 
weld penetration, vut the effort was again unsuccessful. 

FPinully slot welding was tried and a successful joining 
attained, The flange plates were split in halves and the twé 
halves sere simultanenvely welded to the web by a sontinusus 
@iot weld te form each flange. This wethod hag the cutetanding 
advantage that 2t dees not change the eroes section of the beam 


oF any deposition of weld wetal. 
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A dingoin DO welding generator was used; 22 volts and 90 
amperes current were used, and the rod ras a 2/32" coated 
electrode, AWS & 6012. 

After the flange sections wers welded te the web, they 
were milled down to give the tapered width flange previously 


digcusesed,. 


dis. FEabriesation af Hodels. The girder werbers and 
eoluwn menbers, sonstructed as descrited in the last paragraph. 
rere joined by butt welding the top edge of esxem eolusn to 
the underside of the corresponding girder. Digensional accuracy 
in this welding process was assured by the use of eteel jigs 
espeelaiiy constructed for the purpose. “ach member was pinned 
to the jig #0 that 4% was in ite correct position relative to 
the member to which 1¢ was being joined, and so that it could 
not creep from that position under the influence of welding 
etresees. 

& deep rectangular nut, drilled out to receive a ¢* pin, 
wan welded to each column at its lewer end. This nut, when 
Gonnected by a pin to the steel base plate previously described, 
provided a true hinged eonnection of sero moment resistance 
&% the Gages of each eoluen. Thie base detail wee id@ntiesal is 
the articulated wcdel and in the semi-artioiated sedel. 

7o form the hinged erown conneetion in the articulated 
model, the web of one of the adjoining girders was extended by 


welding a plate steel] tongue to 1%. Thies steel tongue was 





&) 
drilled to receive a ¢* pin. Twe flanking seetions of plate 
steel were weided to the wet section of the other girder; 
these flanking sections ere alec drilled for a %* pin. When 
this model was srected for tecting, the tongue seetion was 
inserted into the gap between the flanking sections, the pin 
holes were lined up, and s email removable pin wae used to join 
the tro girders together. 

The strap which was used for the semt-flerzible egunection 
at the crown of the semi-artieulated model hag been previously 
dekeribed as 1/16" thick, €" deep, and aprreximately 2%" long, 
aad the reason for using one strap in the cennestion ine tead 
of two hae been shown. (Sea Seétion 810, Page 26). This 
strap wae raided ta the front of the web of each adjoining 
girder by an saround-the-end fillet. The welds were of sufficient 
etrength to remain absolutely rigia, so that ell bending and 
yielding took place in the strap proper. 

Consultation of the included phetegrarbs should skarify 


the description ef model construction. 


SSP ERINGE TATION 





n. The apparatus used for mearuring 
deliections consisted of steel pointer arme, Amos deflection 
@iais, and the mountings for the @ials. The steel pointer 
arse were sade of drili rod etoeck; they were 12° long and 
accurately thrented cn one end so that they could be rigidly 


scresed inte mute which were tack welded at the proper places 


Pe < ee 
ee ee 





"2 tae 8S 99m an - 
ee ee, ew ee ee 
eta OO —EO SS -  — — 








Si 


on the column flanges and beam flanges. (See Fig. 9). One 
pointer arm was connected near the crown, and one was connected 
near each base pin, resulting in a total of three pointer arme. 

The basic formula used in computing deflection angles was. 

s = r@ 
where s represents linear length of are, r represents radius 
of rotation, and @ is the eubtended angle in radiene. For the 
emall angles involved in this work, # was very closely esual 
to the linear length of chord. 

The Awes dials were mounted so that their plungers made 
contact with the peinter arms at a point approximately ten 
inches from the centers of the pins. Ten inches, then, was 

pproximately the value of r in the formula above; any devia- 
tions from ten inches were of course aecurately measured and 
the corrected radii used in computations. The cylindrical 
surface of each pointer arm was beveled down to a flat surface 
where contact was made with the plungere of the Ames dials in 
order that the plungers would not slip off of the arne. 

The Azes dials measured the defleetions of thetr plungers 
to thousandthe of an ineh. The readings of the Amee dials, 
then, represented linesr length of chord and were uged for «& 
in the formula above. Thus g and r were measured at three 
points where the model sembers deflected angularly under ioad, 
and the formula was used to compute the angular deflections 


at these points. 
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Small lengths of aluminum angle sections were used to 
mount the Ames dials to the plywood. The downstanding lege 
of the angles were serewed to the plywood, and the dials vere 
attached to the upstanding legs. The dials were mounted so 
that there was spring tension on the plungers initially, or 
before loading was applied to the model. This was done to take 
up any bending of the metal pointer arms before actual experi- 
mentation was begun. 

The linear deflection at the crown was measured directly 
by mounting an Ames dial with its plunger in contact with the 
undereide of the flange of one girder immediately to the right 
of the pin. 

8-15. Experimentation with Articulated Model. The ten 
buckets which were to be used as weight containers for loading 
the model were weighed individually. The heaviest of the ten 
was found to weigh 8.8 ib.,1 and the other buckets were ballasted 
to Dring thelr weighte up to this amount. ext ten portions of 
the scrap steel punchings were measured out so that each portion 
weighed 21.2 13.3; ten more portions were measured out to i6 1b. 
each; ten more portions were measured out to 17.6 1b. each. All 
of these portions of ateel punchings were placed in the immediate 


vicinity of the model so that they would be rendily availabie for 
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lh. It was decided that weight measurements to the uesrest 0.1 
lb. were in keeping with the aceuracy of model emnstruction. 
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loading, and each of them was placed so that there would be 
no conrusion as to the weight of any particular portion during 
experimentation. To load the model, these portions of steel 
punchings were placed manually in the buckets, starting with 
the extreme outside buckets at each end of the model and pro- 
eeeding toward the eenter buckets. Symuetrie.ily opposite 
buckets were londed simultaneougly in small ineraments. 

Thus the load points on the load ve. defleetion curve to 
be plotted for the articulated model were 0 1b., 6.8 1b.,  ib., 
45 1b., and 62.8 ib. for each bueket, or 0 1b., 88 1%., 400 1b., 
460 1¥., and 626 1b. for total lcading on the model. This sorres- 
pounced to a simulated uniform loading of 0 ib. per foot of span, 
17.6 pez, G2 ppr, 90 pref, and 126 ppf on the model. uiltipiying 
each of these unifora Load points by the linear reduction factor 
n= 8 gave the corresponding uniform loading on the prototyre. 


leh x 6 = 1600 pref = 1 kp? = design load for prototype. 


3-16. Jesuits for drtdeuisted Boje). At a total leading 
of about 602 1b. an the model, or 96.5% of the total lead to 
9@ applied, the section of the model te the right of the crown 
hinge anparently buckled slightly so that its knee joint deflected 
downward toward the plyszood, while the other knee wae noticed in 
&@ siightly raised pesition. Loading wae stopped and the left 
knee section was supported manually; when an attempt was made 
to presge this knee section Gown to its original rcosition, the 
right bai?’ of the frame buckled suddenly and the frame failed 
by lateral buckling. Therefore the load ve. deflection curve 


for this model wae not plotted to completion, elthough deflection 
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readings sere obtained frow the Ames dials immediately before 
failure and the curve wes substantially complete. 

The failure of thir model was explained by the iack of 
reali iaterel support. The prototype was designed assuring 
continuous lateral support along the length of the girder 
provided by she steel roof planking and other longitudinal 
members of the structure. The flange areas of the girder members 
in the prototyre were constant with length. In the case of the 
model, this ecntinucus lateral restraint was not supplied, and 
in addition the flange width wae varied in order te simulate 
the moment of inertia of the prototype, thereby depriving the 
model of one scurce of lateral stability in the critieal region 
of the knees. The lnteral restraint in the experimentation witb 
this model wae provided by the ball benrings undernenth the web 
and by steel punchings welghing about 7 ibe. total placed on 
tep of the web directly ever the ball] bearings. This amount of 
lateral support was shown to be inadequate in a most granhical 
fazhion during experimentation. Increased lateral support was 
provided during experimentation with the second (sémi-articulated, 
model, as described in the next section. 

The load and deflection data are presented in fable IXa. 
Beflections measured were linear deflection at eFown, angular 
| deflection at crown, and angular deflections at the base of the 
Columns. The tabular data is presented graphically in Grerh 6, 
Angular Leflection at Foints 8B and ¢, and in Graph 6, Yertical 


‘eflection at Point B. The rotational deflection at Faint A, 


BS 


or at the left baee pin, wae not plotted because of obvious 
discrepancies, An exyaminaticn of Alal readings at folnt A, 
Table Iida, willl show that angular rotation at this point 
apperentily begen in the wrong direction with the initial loadings, 
butthast it changed direction in the proeess of loading somewhere 
between 6.8 ib. per bucket and 3) 1b. per bucket. This dis- 
Grepancy was traced to play in the pin connection at A; this 
pisy eas measurable in thousandths of an ineh and destroyed 

the validity of the firet dial rendinge. sSowever, the first 
loading foreed the base pin into its final position, thus 
effectiveiy taking up the play or slack, and if the last savers) 
aiai readings ara corrected geeordingly they will be Zound to 
agree with the resulte at the other base pin (Point ©). The 
reading at 4 12s sot necesenry except for purposes of chesking, 
sines the model was symmetrically leaded and the Saee pin 
Gefiection could be obtained from Point ©. Kenee, because of 
the defcetive Basa pin connection, the data from Peint & wae 

noi plotted for either of the two <odels. 

On Graph &, the angular deflections at the erewn (Feint 8) 
and at the Raee pin (Point 6) for the articulated sodel are 
Plotted versus lead ae a solid line. A euall reetangular syebol 
denetes the thecraticn, eosputed deflection For each oF these 
Gaces. A QOtmarison with theoretical results was made by e@erv~ 
t¥apolating these eurvee the short distance to the degign load 
point, and 1% wes found that the largest per cent deviation was 


at the crown for rotationsi deflee’ton (20.0%); the per cent 
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deviation for rotational deflection at the bare pin wee 9.6), 
and from Graph 6, the per cent deviation for linesr vertical 
deflection at the crown was 11.7%. 

B17. sédditions) Lateral Surnert. Sinee the first 
modal felled at the knew by lateral buckling, brackets were 
conetructed and mounted on the secoeng model to prevent a 
similar failure. (See photographs). Ball bearings were thereby 
brought inte contact with thetop es rell ag the bottom of the 
wet of the knee gecticns. This arrangerant prevented the 
failure of the second wodel. 

n18. Hxnerimentation and Heeulte with Semi-Artieuiated 
Segej. The amount of londing which would bring the extrese 
fibers in the welded strap to the yield point wae predieted 
theoretically. it has previously been shown that the moment 
resulting at the crewn cf the protetype in the hypothetical 
Case when the abutting emis of the girder membere were welded 
rigidly together would be 34.9 ftekips. (See Table VY), This 
moment is proportional directly to the load per foot es the 
prototyre, The moment resistance of the welded strap on the 
model ut the yield point wae shown to be .002686 ftekipes. 

Sy the lows of eimilitude, .002686 x n® = .002686 x 512 © 1.376 
ft-kips moment resistance fer a eorresponiing atran on the 
protetype. set y kpf = the uniferm loading which woplS eause 
® toment ata rigi@ joint at the crown of 1.375 ft-kins; ther 


x =} 27h 
i 76.9 
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or y © 27.23 ppf for the prototype, or 27.2/8 =~ 4.66 ppt on 
the model, or 2.33 1b. im each bueket. Since each bucket 
alone weighed 6.8 1lb., and the time to construst additicnal 
apparatus to apply a smaller loading to each wire was not 
available, 11 was decided to apply the loxding on the semi- 
articulate@ model in erreetly the same manner as it wae appited 
to the first model (Section g16.), What happens in the region 
of the yield point of the strap if not of particular importance 
te the results of this investigation; rather an overeall picture 
of the action of the strap frow zero loading to design loading 
i¢ the gain object of the investigation. 

the same deflections were measured for this tadel ae vere 
measured for the firet model (Section 216). The results are 
plotted as dotted lines on Graphs 6 and 6. 1% is seen that the 
welded strap allowed 21.6% more sngular deflection at the crown 
than did the true pin, 18% gore linear deflection at the crown 
than with the pinned model, and 14% gore angular deflection at 
the base nin than with the pinned model. | 

The entire lead was removed from the model and a check 
was wade of the no-load readings (See Table IXb). Foeitnt C 
returned te 1ts initial zero reading; but, es wae expected, 
both the angular and vertical (lineer) Stalls at Fetnt 3 showed 
a permanent set. This was due to the overstressing of the satrap 
which caused the metal in the stran to flow plastically. A 


relosding t the designed model load (125 ppt) showed no appreci- 
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abie change excert in the angular deflieation at the crown. 
This is not considered important, since the diserepaney tas 
probably caused by the movement of the pointer arm as ex- 
plained in Seeticn &18, 

t-19,. iivplunation of Dire 


per cent deviation between theory and exrerimentation le not 


The 20.0% maxiwen 





considered exeesnive. In the 1988 sodel teets en the San 
Franciwec-Vnkland suspension bridge, the obeerved Ceflections 
showed a range of 6% to 12% approximate deviation from theorete 
leully eoaputed vaives.4 Fossible reasons for the deviations 
in this work are lieted below: 


i. The mnehining or finitehing of the model was not done 
to the expected aceuracy; thus the goment of Lnertia 
relationship between aodel and prototype was not 
rigidly applied. 


2, There was @n uncontrollable up and down movement of 
the ends of the pointer arma at the pointe of eontact 
with the dfal plungers. This sovement was due to 
flight twisting of the medel memberg. Thus the pluagers 
rested on @ changing surface, and the sengitive Amec 
dials reflected this. Attempts were onde to somrensate 
for this effeet, 


3. Tem equally epaced concentrated loade ware substituted 
in the model for the untvform load used in thearetical 
eomputatians for the prototype. 


4. There wae some slack or plag in the base pin connections, 
as expinined in Seetion 14. 


These factors are etabe? as pogeible explanations for the dis- 


Grepancias, but any attempt toa avaluate quantitativaly the 
effect from each factor sculd be extremely digficnlt. 
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1. Beggs. Davi « — Savie. Tests on ~AEUGSUS OL odels *. 
Qk £koposed San fcanalesn-Cakianh suspension Bridce. P.124. 
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CONGLU SIONS 





ps in Negara to Ghjest of tavectigation. 
The resuites of this investigation show that the seml-flevible 
welded strap apparentiy offere Leer moment rerietance than 
ices «a e6etalled true binge at the crown. The pinned conrec-~ 
tion used in the firet model (ee photegraph) was precisely 
sachined and offered no mosent resistance under an lead 
eonditiong. but under loading local distortions caused moment 
resistance of greater magnitude than the resisteanes in the 
emnli welded etrap. The pin was cheeked in double shear and 
@onbie shear bearing and it was found that 4t wae poh over~ 
etrecsed, This investigation tende to establish, Dut of 
ecurse dco-s not conclusively prove, that leeal distortions 
in the region of a pin will often enuse greater moment resis~ 
tance than thet obteined from a semi-~flevible welded strar of 
the type devigned herein. In regerd to the Amirikian wedge- 
Beam theary, the investigation desonstretes that a gemi-flexible 
connection acting in place of a pinned connestion will not 
ghange the elastic charseterietiec of the frame appreelably and 
that it eertainly will mot change this eharacteristio in the 
direction of mora woment resictance in the econneetion. The 
authors observed that the vwerg amall welded strap used in the 
semleurticwlated mactel took the design load very weli, although 
this efrar was designed exaetiy at the decign limit for the 
ruling factor of eomprersion (Seetion 4-4), and furthermore the 


frane iteelf wae underdesigned (Seetion 3-2). 
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It 4s felt that the date from this investigation may 
be interpreted more advantageously in the light of further data 
froM the succeeding experimentation. 3uggestions for such 
further study are given in the next section. 

To reiterate, the following conelusion may be tentatively 
taken from the data of thie investigaticn: A small welded strap. 
max be used in niage of the eroen hinge in a three-hinged wedze-~ 
hean frase nithout anoreeinbly changing the deflections ef the 
than decrease with the use af the welded stran. 

G21. Suggestions for Further Study. This thesis eontains 
the design of a smaller model rith @ linear reduction factor 
of n= 20, (See Table VIII). Construction and experimentation 
of this model would yield data which would be valvable in the 
study of seale effect (Section 3-7). Of eourse the design and 
construction of several models with varying reduction factors 
would yield a more complete understanding of seale effect as it 
applies to this work. 

disco it ie recommended that a celluleid model be constructed 
and analyeed by the Beggs Yeformeter teahnique. The eelluiaid 
mGohel ecculd be locally reduced or cut down in the region of the 
crown to simulate the stiffness of the strarp relative to the 
etiviners of the girder membors, although a large model would 


be needed, 
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df w method could be devised for mecerrfully removing 
and rewelding the small etrar csonneetion on the second model 
used in thie work, 1% is suggested that excerinentation be 
gonducted with differant atraps agting at the erewn. These 
strane would be inereased by gasll increments from the sicé 
of the welded strar used in this rork. 

Perbaog sore applications of sewi-flexible welded straps 
acting as valid substitutes for pine could be found in the 


general field of atructural engineering. 











IY. Computaticns and arneriecnteal late 


4ei. Peedi of Erototyne. (fee Fag. 2). 
Yerticnl reaatione at A and C 
Ve g®xix 40 20* 
Horlsontal thruets at A and 0 
My = 0 (clockwise moments aseumed positive) 
lig = +(20%80) ~ (Ryxi2) = (1x20x%2) = 0 


Bae + 26.67% (aeting toward right) 
& 16 WF 40 with @ 4:1 cut was chosen. (See Page 9) 
Gritic¢al seetiscns DO and 2* wera checked for combined 
leading. (See Pig. 4) 
seetion at 0 
Komment 
. = 16.67 x 12 = = 200,00 fk 
- 1.0 (98g) = ~ 9.69 


+ 201.088 = + 21.66 


- 178,93 fx 
fieg'd S = M @ 12 x 378,98 = 107.4 in.% 
ft 20 


Lays e 180% an, 4 
Ayr @ Oe 7 x 0.608 + 2.8.91 x 0.307 & 7.04 * 7.94 & 
14.28 in.@ 


ae ~~ 
‘ade ASP 
twee — 
=a = “Try = 


arom ie 7 





Aggume gontinuous lateral Sraelnag 
Fa * 17.90 kel.; Fp @ 20.00 ket. 
ff. = * 178,93 x12 232.46 * 19.19 ket. 
a” oe isis 


fa * 16.87 * 1.16 ksi. 


a? a efeRh * 28 12.42 = 0.9682 + 0.958 = 1.026 
(2.6% underdesign) 
Seetion at D* 
Homent 
~ 26.67 * 10.92 = - 182.0 f£& 
Regti 3 12.2 382.0. = 109.2 1n.4 


Ine * 1302.6 4n.4 
Ape © 7.04 + 7,12 = 14,16 in.® 
Assune lateral breeing at 2' intervals 
rT me j ae £03, ! ¢ 9. e 
pe = (1/4) = (fe. = 9.6 in 


(hi ow & REAR™ 2.60; My © 17.00 kes. 
Aa £222 x B4.2Q = 164.6; Fp = 20.00 kei. 
Pk 7.0026.08 
f, = 20,00 = 1.412 kai. 
14.16 
= 182.0 x 22 2.12.10 = 20.2 Bat. 
1803. 6 


f+ 22" Male + M2 = 0.088 + 1,02 = 2.08 
A *8 17.6 20.9 
(9% underdesiegn) 
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Web Shear at A 
Allowable shear = 18 bt = 13 x 6 x .307 = 23,95 * 
Actual shear = 16.67 © SAYS 
Section modull furnished compared with eection moduli required 
along girder. (See Table I and Graph 1). 
Section moduli furntehed compared with seation moduli required 
Blong column. (Ses Table I and Graph 2). 
4-2. Somnutations of Defleetions., 
By Virtual Werk 
At crown hinge (B) (See Table I1) 
At base pins (A @ G) (See Table 111) 
By Amirikian Method (See Table I¥) 
4-2. Design of “Yelded Strape to Replace Crown Minge. 
(See Fig. 8 and Section 2-4, Page 12) 
(2) Verties] Shear 
{1) assuse bent weightless and a live load of one 
kip per foct arplied on left half of girder only. 
Me = ~(1%20) (20410) * ¥g (40) = 0 
vy, = 16% 
Vp = 20 ~- 16 = 6¥ 
(2) Aseume girder waight of 40 pounts per foot and 
Live load (on left half of girder only) of 960 
pounds per foot. 
My = -(40%40)(20) ~ (S60n20) (20410) + ¥,(40) = 0 
Va = 16,2% 
Ys = 20 ~ 15.2 = 4,9* 





45 


Assumption (1) gives maximum shear at 3. 
According to Seetion 21(a), AISC Specifications, the 
minimum sheer for whieh a welded connection oan be designed 
4s 10 kips. 
Allowable shear stress = 18 kei. 
Assuae one strap on each side of web and « depth of 2”. 


Heg'd strap thickness = 190... «SO ™ 9.192 in. 
iZex2x2 





(>) Compression 

Assume two strave with folloving dimansions: 
a= 2* | 
t = 3° (See F*~-. %) 
1 = #* | 

seset radius of gyration = r (1/a)? 
Iw 1 atS = 1 (2)(¢)5 = shee an. 4 

12 12 284 


Ae 4t= 2x42 $ tn.? 


(1/ayi o( 2 yt = in. 
dea,—(‘édTSS«CS 


= B/y = 6,98 
.. /13. 86 


Aliowable comprecsive strese 
f£ = 17,000 - 0,485 (R)° = 16977 psi. or 16.98 kst. 


Req'd Area = _ 36,67 @ 0.491 in.” per strap. 
2 16.98 


Furnished Area = dt * 2 x @ = 0,89 in? per strap 
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(c) Straps selected 
2 givrape 
a = 2" 
t= 3" 
L «= 3° 
(4) formule for rement resistanee of strane for prototype 
(See Fig. 8) | 
(1) Sertvation 
Assume atrenes diagram as shown in Figure. 
One strap 
ity = 2(Sy A/gxt/4) & By Ad = GA(atia tke. 


Both Straps 
Ban 2x 8 3/4 a&t * a 2.375 a2¢ fk. 
(2) Application to selected etrares. 
Np = 1,978 (2)° (8) w a.878 te. 
4~4. sesian of Eodal. 
\s) Application of laws of similitude. 
{leq Seetion 2-8, Page 16, at Segtion &7, Page 20) 
ifiy =n B 
Been length of model * 40/g = & ft. 
Column height of model « 12/g * 1.5 ft. 
W/Hye n& « 64 
% * 40.990 = 626 ibs. 


+" né = 4096 (See Seetion 268,Pg. 22, Table VI, 
, 
and Table Y11) 
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(o) Weld design - flange to web section. 
Sorizontal Shear Check (See Pig. 9) 
Pt. B', (See Fig. 4) 


Hoo = Yo @ 222.6 7 0.146 + 1.86 * 20.6 ppl 
oe ch 0.244 


Point of application of one of loade nearest Pt, 3. 


Hy = VQ/I = 62,5 x 9.0487 2.9,.500 = 61.0 ppl 
0.0268 


Since a continuous slot weld was selected (Sree Seetion 2-12, 
Pege 22) and the horizontal shesr wae so lew, this weld deeign 
need not be continued. 
(e) Welded strap connection (See Seetton 27, Fage 20, 
and Section 2-10, Page 26) 
vomprese son 
First trial strap (46 = 3/8"; t= 1/8"; 1 = 1/4") 


Z= 3/22 (1/8)4 (#/@) = ae téiéirmnx«SW 
12 x 64 x 64 


A= 2/8 x 1/8 = 3/64 1n.® 

r= (1/a)® « 1/27.7 an, 

l/r = 27.7/4 = 6.92 

Lentiow, * 16-98 kesd. 

P= Ea = 1. (62.6)(2 + 9 + 16 + 21 + 27) = 260.6 p 
m or 0.2606 k 


Arog, ~ 0.2606 = 0.01636 in. 


Saetual @ 263/8)(1/8) = 0.004 in.® (toe much) 
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Second trial strep (4 =e"; t « 1/6"; 1 «© §*) 
it~ 3 (1/a)"Q/a) = st 4 
12 ig x 64 »~ 32 


A» (1/4)(1/8) = 1/82 42.2 
r= (1/A)? = 1/29.7 tn. 

l/r = ae * §.92 
Aree. » 02,2805 = 9.01686 tn.? 
- 16-93 


Agctual = 2(1/4)(1/6) = 0.0626 an.2 (too auch) 
Third trial strap (4 = 9"; t= 2/16"; Lb = §*) 


ie A (2/16)5 (1/4) » wee in.4 
&*~ (2) (1/4) » 2 an? 

16 84 
r= (I/A)® » 1/66.4 In, 
i/r » Brad « 13.85 
fesiiow, * 28.92 Bet 
Aveo. © 2.2608 » 0.0204 in.” 

16.92 

Anetun) © 2(2/16)(1/4) © 0.071 1in.® 


Vse one strap - Agetual * 2,02) = 0.0165 in? 
| 2 


Hertiege) Shear Check: 
Vu 2/64 (10) = 0.16626 & 
Aveo. * 2 bS628 = 0.01202 in.2 GAPE 
3. 


My © $(2.278 Q24) @ L828 (1/4)® (1/16) » o.00R688 f, 
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Comparison with strap connection for protetynve. (See Seetion 4-3) 


n= 8 
ial divided Model yalue 
a : 8 x 1/4 1/4 
t 4 .e = 1/22 1/16 
1 = 8 = i/ie 1/4 
Ba 1.375 ~ (8) © = 0.002686 0.002686 


Crities1 load increments 
Me (prototype) = 1.575 fk 
1. SLB ~ 1000 ppf = 87.3 ppf (load on pretotype to give 
moment of 1.476 fk at strap) (See Table ¥) 
alas = 4.66 pp? (load on model) 
486 = 2,38 pounds per wire. (load to strees strap to 
elastic limit) 
4~5. Expevtmental Data: Articulated Model (See Table Ii~a) 
Semi-articulated Hodel (See Table 1%») 
nength of pointer arme for dials. 
Point A «- 9,82 in, 
Peint © - 9.86 in. 
Point B- (srtigulated model) = 36.11 nd 10.42 = 19.266 in. 


ie 


Point B-. (semi-artieuiated model) = $2.tA 7 1,8), = 19.31 4n 


Saunle computation (Foint 3 - 3.8 peunds ver wire) 


m2? * .9028% radians 
10.26 


eS 


= 
- 


~~ ae Ww ee ee 
ptt 
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ment 
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TABLE I 
Homents of inertia and dection Moduls 
of segments 

aver. Depth I Depth tt e 
Gas) 603i ‘Cind}” ooein, in (ind 

7.67 7.497 99.2 6.7 7.6 97.8 
11.00 10.60 193.7 i0.0 25.6 219.3 
14.98 13.83 & 13.3 6.9 398.7 
17.67 17.17 519 16.7 118.4 687.4 
21.00 2.80 739 20.0 206.9 944 
24.23 23.83 1001 23.3 226.0 1226 
22.09 24.60 1067 24.0 264.0 1411 
22.09 22.60 &90 22.0 272.9 1162 
21.09 20.80 739 20.0 2806.0 944 
19.00 18,8 602 18.9 149.0 762 
17.00 26:6 479 16.0 106.0 684 
16.09 14.56 370 14.0 70.2 440.2 
12.900 12.80 274 12.0 44.2 218.2 
11.090 4.6 193.7 10.0 25.6 219.2 

¢.00 «48.60 8127 8.0 13.1 140.2 

7.00 5. 60 74.4 6.9 &.58 79.9 


TABLE I 


(103) 
26.5 
39.9 
65.6 
72.2 
89.6 

109.0 

114.0 

101.0 
89.6 
79.4 
68.6 
66.8 
49.0 
29.9 
21.2 
22.6 
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TABLE IL 
Rotation and Vertical Deflection 


at Crown Hinge by Virtual Work 


(Tension on outside of bent considered positive) 


m 

+ 16.67 
+ 60.0 

+ 62,33 
+116. 67 
+160.0 

+182, 82 
+180.6 
+144.6 
4112.5 
+ 84.6 
+ 60.6 
+ 40.6 
+ 24.6 
+ 12.6 
+ 4.6 
+ 0.6 


z 
97.8 
219.3 
398.7 
627.4 
944 
1326 
1411 
1162 
944 
761 
584 
480.2 
318.2 
219.2 
149.1 
79.9 


w/x 
-170 


Ry 
+0, B22 


*2,500 
+4.167 
+5, 823 
+7, 600 
+3.167 
+96 
+8.6 
+725 
+6.5 
+5.5 
+4.5 
+3. 5 
+2.5 
41.5 
+0.5 


TXn 
ow 
.0071 
.0286 
0427 
0532 
0896 
9638 
9671 
9713 
2744 
9763 
0764 
07123 


(eont'd on nert race? 
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i * my 


1416 
. 8700 
8709 

1.0674 

1.1925 

1.2680 

1.2140 

1.0640 

_. 8926 
7346 
. 6720 
4140 
2696 
1426 
0480 
0030 
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TABLA Il (eont’d) 
~ M I M/I mB. thy Pim, px ey 
17 + O.6 79.9 .008 +.0286 +0.8 0002 . 0080 
1B + 4.6 140.1 082 +.078 41.6 .09%4 0480 
19 412.5 219.8 087 +.126 *2.6 .OO7L .14286 
20 * 24.8 18.2 .077 +.178 42.5 0186 2696 
21 + 40.6 440.2 .082 +.226 +4.8 0807 4149 
a2 + 60.6 684 (104 +.275 46,6 0286 . 6720 
23 + 84.6 61 118 +928 6.6 0887 .9346 
24 “*112.6 044 .119 +,878 *9.5 0446 6926 
26 4144.6 1162 (124 +.426 48.5 0627 1.0840 
26 *180.5 14ll 2279 +.475 49.6 .0607 2.2140 
27 +183.33 1826 11963 +.468 +9.167 0638 1.2680 
28 4100.0 944 (189 4.276 497.5 ,0596 1.1926 
29 4118.67 687.4 .188 4,201 *5.82o .0683 1.0674 
| mw + 63.98 986.7 .208 *,209 +4.267 .0487 8708 
Sl + 60.0 219.3 .2286 +.128 +2.5 0286 ©. B7OO 
«82 4:16.67 97.8 170 F.0de 90.883 «ODF, 1426 
eted 2.5692 208096 


| 
#5 -\ ee ae Gs os 2.8692 = 2 7144 we (01204 Beddians = 44,8 minutes 
& 


80,000 
Ax 3» my 48 = 20,8086 x 2 * 1728 w 9 40 inches 


%I g0,000 
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TARLY LIL 
Zotation at Sase Pine by Virtual fork 


(Tension on outside of dent considered positive) 


Section i 
4 Dd 16.67 x 1 ~ x/24 
DB 200-20 x+ X"/2 0.6 = x/ap 
7 8 200.20 x + ¥2/2 -0.6 + x/40 

CG F 16.67x - x/o4 

Segment = m it 
* + 16.67 +_968 97.8 +,1682 
2 + 60,00 +. 875 219.3 +.1992 
g + 82.23 +.793 298.7 +.1652 
a +116. 67 +. 709 637.4 +,1297 
6 +150.00 +. 625 944 +0994 
& +182, 33 +, 642 1326 +.0750 
? +180. 60 +, 476 1411 +,.0607 
S$ +144, 60 +, 426 1162 +,0528 
4 +112, 60 +, 376 944 +, 0446 
10 + 84.50 +, 326 751 +.0266 
Li + 60.60 +. 276 534 +0285 
42 + 40.60 +, 226 440.2 +0209 
12 + 24,8 +.176 $18.2 +.01Z5 
14 + 12.50 +.125 219.3 +0072 
15 + 4,66 +.076 140.1 +0024 
1% + 0.60 +.025 79.9 *.0016 


(cont'd on next nage. 
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PANLE IIL (eont'a) 


Mm 

Secment M m i 2 
17 + 0.60 ~.026 79.9 ~.0016 
18 + 4.60 ~ 076 140.1 ~.0024 
19 + 12.60 -.126 219.3  =.0071 
20 + 24,60 =.176 $18.2  -.0186 
21 + 40.60 ~. 226 440.2 ~ 0207 
22 + 60.60 ~ 276 6B4 ~.0286 
23 + 84.60 =. 226 752 ~.0366 
24 +112, 60 276 944 =.0448 
26 4144.60 ~. 426 1162 ~ 0628 
26 +180. 60 ~ 476 1142 ~.0607 
27 4183.82 -.468 1526 = 0634 
28 +150.00 ~. 376 944 = .0596 
29 +116.6? =~. 292 637.4 -.0883 
20 + 83.38 =.209 298.7 = .0437 
$1 + 60.00 ~.126 219.3 -.0285 
32 + 16.69 -.042 97.8  -«.0078 

Total +. 6761 





OA Py. Wee AS = 16761 x 2 x 144 «= 0055206 Radians 
fi 20,900 
* 19.01 Minutes 


TABLE ITL 
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TABLE IV 
ov. dmirikian Method 
Sexment a L Wy ik > 
1 16.67 97.8 .170 1 0.190 
2 60.00 219.3 228 g 0.684 
3 82.22 398.7 209 6 1.046 
4 116.89 627.4 .182 7 1,281 
bw 160.00 944 159 9 1.422 
6 182.82 1526 138 020 ok 1.621 
7 180.80 ©1411 1260 1.626 
8 144.60 1162 184 8 8= aR 1.488 
9 112. 60 244 119 ~(ole 1.428 
10 84.80 761 130 1.866 
12 60. BO 584 10408 1,248 
12 40.80 440.2 092 12 1.104 
1S 24. 80 $18.2 07702 0.924 
14 12,60 219.3 .067 12 0.686 
LB 4.80 140.1 032 oak 0.884 
16 0.80 72.9 006 12 0.072 
1.929 18. 868 
de = 2.0 
= Myds * 2.7 S, ja © 3.678 


Yn, ™ 22,72). 2.144 = 0.019684 radians = 44.9 minutes 
ef X #),900 


5 * (ETE 5 AAd) ~ .O1%084 = .0186144 -.012084 
_4 = ,COB8SZ04 radians = 19.Ci minut 


TABLE LV 
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a <- ROPES at 





le a 
A 
Segment M 
l aa 
2 = 
2 === 
4 aes 
6 soe 
6 are 
7 - 19.6 
8 - 56.6 
9 - 87.56 
10 -115.6 
11 -139.5 
12 -~169.5 
13 -176.6 
14 -187.5 
16 -196.6 
16 -199.5 


Zz, 


2, mnedx = BSE, = *6.4681 x 2 x 2 = 
I 


Mm pdx ray = -6.2004 x2 x2x 





I 


By = 297,62 = 13.60 k 


21.87 


+12 


oa. 


.8 

3 

me 

4 

.O 
1326.0 
.O 

.O 

.O 

a) 


140.1 
79.9 


Mp = 13.6 x 12 = 163.1 fk 
Mp = 200.0 - 163.1 = 36.9 fk 


TABLE V 





0102 
0410 
0627 
0769 
0858 
1077 
1021 
1238 
1527 
1921 
24656 
3271 
4525 
6570 
0280 
8020 


4681 


M/I 
aes +0. 
--- +0. 
ae +0. 
--- +0. 
--- +0. 
--- +0. 
-0.0138 +0. 
-0.0477 4 2 
-0.0928 wO 
-0.1540 a ON 
~-0. 2389 +0. 
-0.2622 +0. 
-0. 5620 +0. 
-0. 8660 +0. 
-1.3960 ae) ee 
-2.4880 +7, 
-6.2004 +5; 
12 = -297.62 
+21. 87 
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TABLE VI 


Moments of inertia of Bode) 


Segment 
A 


& Ww 


oo ve ge a & 


NE ee <2 ee 
<n \ ne) 


a oe 


1p 
66.6 
97.8 
213.2 
298.7 
627.4 
944.0 
1324.4 
1644.5 
1410.4 
1162,0 
944.0 
7651.0 
684.0 
440.2 
$18.2 
219.3 
140.1 
79.9 
66.6 


TABLE Vi 


Iy 
91279 
022865 
05260 
99740 
16661 
- 28040 
- 82333 
27707 
» 34433 
» 28400 
» 23040 
- 18320 
. 14260 
. 10750 
.07780 
06260 
03422 
.01961 
91279 
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(1) (2) 
Seg- = t 


nent web 


Pa 


130 
a 4) 
- 130 
» 130 
120 
- 120 
e180 
136 


oo oo NY ve ®@ @ + & ND YF 


~~ bof 
ew F&F «GS 
¢ © < ¢ 

a) ~ he bs 
S 6 6 § 


~~ je 

&S 
& 
pa 
ex} 
ae) 


» LBO 


~ 
os 


(3) 


=an/g 


0.750 
0.959 
1.276 
1.792 
2.209 
2.625 
2.041 
3. 260 
3.126 
2.875 
2.626 
2,276 
2.126 
1.875 
1.625 
1.876 
1.125 
0.875 


TABLE VII 


(4) 


te1° 


0612 
9612 
9613 
0614 
0613 
0613 
0612 
-9613 
0618 
9613 
-0613 
-O612 
8613 
-9613 
- 90613 
S618 
0612 
0613 


(5) 


a- 2p) 


627 

. 836 
1.262 
1,668 
2,086 
2. 502 
£.918 
€.127 
&.002 
2,762 
8.602 
2,252 
2,002 
1.7652 
1. 502 
1.262 
1.002 
0.762 


Computation of Model Dimensions 


(6) 


Loeb 


at see 


00267 
00626 
02127 
.06019 
08649 
. 169706 
. 26894 
. 32129 
- 29213 
. 22683 
- £6979 
~12376 
.98695 
06827 
03672 
92127 
-91090 
204681 


* tri - assumed thickness of flange plates 


(Cont'd on next page) 


(7) 
Total 
Treq. 
.01279 
.O2885 
205250 
.O9740 
~ 16861 
» 24040 
. 2232S 
~87707 
~ 84482 
. 28400 
. 28040 
- 18220 
14250 
. 20760 
07789 
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Seg~ 
ment. 


eo S&F Ve FAH ee FH BH EK PY 


~~ ~ ww 
eo ef O 


12 
14 
16 
16 


(8) 


Treg. 


(flanga 


01112 
-91749 
02223 
94721 
05712 
96096 
05429 
04678 
~G5180 
.96817 
96990 
05944 
95555 
94923 
94108 
982238 
-92282 
01490 


(9) 


Co1L(a+ 
t'rore 


0.695 
0.904 
1.320 
1.736 
2.164 
2. 570 
2.986 
2.196 
3.076 
2.820 
2.570 
2.220 
2.070 
1.820 
1.670 
1.3 

1,070 
0.6820 


TABLE VII 


(10) 


(Go1.9)” 


0.48202 
0.81902 
1. 74246 
8.01022 
4.64402 
6. 60490 
8.91022 


10. 20802 


9.42490 
7.96246 
6.60496 
5.28240 
4, 28490 
3.%1249 
2.486490 
1.742460 
1.14490 
0.67240 


(eont'd) 


C1) 
5-068 


ie 


- ,01642 


.927856 
~O5924 
10235 
- 16790 
22457 
20296 
84707 
82045 
27938 
22467 
~ 18250 


14569 © 


41262 
-O8281 
06924 
-03892 
-02286 
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(pe) 


flange width = 
(Gol. @ - (Col. 


67? 
. 828 





644 
461 
» 262 
270 
. 160 
132 
. 160 
215 
270 


*@ ¢'o) - actual thickness of flange plates = .068* 
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TABLE VILI 
&lternate Model Desten 
Let n = 20 L/ig = n I/t2 = n‘n 
m= 2 W/o = n’m 0/@e = 1 
> t = 0.1200 inches 
Seznent* 1, 1, 12g a(inye(2242)8 
A 66.6 000179 91684 0. 254 
1 97.8 000206 02826 0.205 
; 219.3 000685 06323 0.396 
3 398.7 001246 11602 0.486 
4 627.4 001992 18288 0. 568 
6 944.0 002950 27281 9.648 
pe 1202. 6 004073 27699 0.722 
po 1293.0 004353 40181 0.788 
8 1162.0 003681 22517 0.696 
9 944.0 002860 27281 0.648 
10 751.0 002249 21664 0.600 
hl 684.0 001825 . 16846 9, 661 
Le 440.2 001276 12702 0.608 
18 218.2 000994 .09178 0.461 
14 219.8 090685 06328 0, 396 
16 149.1 .000428 04048 0. B44 
16 79.9 000260 .02507 0; 286 
2 56.5 .000177 01624 0. 264 


“Segment designations sre the same ar these used in the 
firet model as shown in Fig. 4 and Fig. 6. 
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Wire 


8.8 
0.09 
46.0 
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Wire 


8.3 
39.9 
46.0 
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Foot 


17.6 
63.0 
89.0 
118.0 
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TARLE 1X 
Hodel Loading ami Zeflection Bata 


Ita 


Point & 
Wal 
Reading Diff. Angle 
200 
217 o17 
293 2 
238 14 
274 26 
Point Bl Vert.) 
Vial 
fending Dare. 
409 
489 &9 
566 186 
647 ea? 
71iz #13 


a ene e 
fending DAT?. 
850 
671 2e 
629 Bl 
48) 119 
450 18) 
Point © 
Sandbag Diff. 
200 
293.5 6.5 
277 23 
266 36 
2652 48 


Dial Readinge in 2.001 ineh. 


f4uglea in radians. 


ik-n 


61 


Angie 


. 90283 
99789 
01166 
91482 


Angle 


. 00068 
00854 
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Par Fer 
Wire Foot 
0 0 
8.8 17.6 
$0.0 60.9 
46.0 90.6 
62.6 125.0 
0 0 
62.6 126.0 
eg 
Wire Foot 
9 O 
9.8 17.6 
2.9 60.0 
45.0 930.0 
62.6 126.0 
0 0 
62.5 125.0 
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| Point & Foint 2 
haike Diff. Angle a a OLLZ, 
720 = 420 —_ 
677 53 890 BO 
661 79 326 84 
620 100 289 131 
607 127 228 = 197 
726 ~ B40 -_ 
669 66 191 149 
pent Alien.) mie, Poteet € 
Reading wate. Reading Diff. 
490 =_ 929 _ 
661 61 914 é 
6756 186 B94 26 
770 280 880 40 
890 400 a64 56 
526 ti 919 _ 
692 387 864 «85 


Dial Readings in 0.001 ineh. 


Angles in radians. 
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Angle 
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Angle 
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